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NATIOBTAL ADVISORY COMIWITTE% FOR AERONAUTIC8 

FLIGHT I N V E S T I G A T I O N  02' NACA Ds COI?LIlfGS OH TEE 

XP-42 AIRPLABE. T - H I G H - I ~ L E T - V E I J O C I T P  

COWLXH'G W f T 3  PROPELLXR CUFFS TESTED 

111 HIGI3-SPZZII L3,VEL F L I G H T  

By  3'. J. B a i l e y ,  J r . ,  and  J, F o r d  J o h n s t o n  

X e s u l t s  a r e  p r e s e n t e d  o f  a s e r i e s  o f  f l i g h t  t e s t s  o f  
t h e  maxirnum s-peed and? c o o l i n g  c h a r a e t e r i s t f c s  i n  full- 
t h r o t t l e  l eve l .  f l i g h t  o f  t h e  XP- 42 a i r p l a n e  e q u i p p e d  w i t h .  
a s h o r t - n o s e  h i g h - i n l e t  v e l o c i t y  c o w l l n g ,  TbSs c o w l i n g  
i s  one o f  a, s e r i e s  b e i n g  t e s t e d  i n  an e 2 f o r t  t o  improve 
t h e  p e r f o r m a n c e  a n d  c o o l i n g  c h a r a c t e r i s t i c s  o f  a i r - c o o l e d  
e n g i n e  i n s t  a l l a t  i o n s  . 

The r e s u l t s  of' t h e  t e a t s  i n d i c a t e d  a maximum s p e e d  of 
336 n i l e s  p e r  h o u r  at 9 6 0  horsepower  a t  25 ,000  f e e t .  

P r e s s u r e  measurements  i n  t h e  e n t r a n c e s  t o  t h e  c y l i n -  
d e r  5 a f f l o s  showed a f a i r l y  u n i f o r m  d i s t r i b u t i o n  o f  p r e s -  
s u r e  a r o u n d  t h e  e n g i n e  a t  sirntlar p o i n t s  o f  measurement  
on i n d i v i d u a l  c y l f n d e r  s bu.t i n d i c a t e d  t h a t  c o o l i n g - a i r  
p r e s s u r e s  v a r i e d  c o n s i d e r a b l y  f o r  d i f f e r e n t  p o i n t s  o f  
m e a s a e m e n t  on t he  same c y l i n d e r ,  Tho  v a r i a t i o n  w a s  p r o b  
e b l y  due t o  t ' e  v e l o c i t y  head  o f  t k e  e n t e r i n g  c o o l i n g - a i r  
j e t .  S t a t i c  p r e s s u r e  b e h i n d  t h e  e n g i n e  was u n i f o r m .  

F r o n t  F r e s s u r e s  on t h e  .engd.nq a v e r a g e d  80  p e r c e n t  
a n d  r ea r  p r c s s n r e s  39 pe rce r i t  02 f r e e - s t r e a m  impact  p r e s -  
s u r e .  The r ' e s 8 1 t i n g  pressuro d r o p  o f  15  S n c h c s  o f  w a t e r  
s,t full t h r o t t l e  a t  15 ,000  feeC c o o l e d  t h e  c y l i n d e r  h e a d s  
pdequ-a tc ly ;  rnaxintum c y l i n d e r  base t e m p e r a t u r e s ,  however ,  
e x c e e d e d  t h e  s p e c i f i e d  l irnits  when c o r r e c t e d  t o  Army sum- 
mer c o n d i t i o n s .  

P r e s s c r e  measurements  i n  t h e  c a r b u r e t o r  a n d  o i l - c o o l e r  
d u c t s  showed rams o f  s l i g h t l y  o v e r  100 p e r c e n t  of  f r e e -  
stream i m p a c t  p r e s s u r e ,  A i r - f l o w  measurezents  i n  the car-  
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b u r e t o r  d u c t  and  i n  e n t r a n c e  t o  t h e  e n g i n e  
compartment  showed t h a t  t h e  v o l u n e  f l o w s  of i n d u c t i o n  and  
c o o l i n g  a i r  were  a p p r o x i m a t e l y  c o n s t a n t  a t  f u l l  t h r o t t l e  
ove r  a r a n g e  o f  a l t i t u d e s  n e a r  t h e  c r i t i c a l  a l t i t u d e  a n d  
w e r e ,  r e s p e c t i v e l y ,  2960 and  19 ,900  c u b i c  f e e t  o f  f r e e  a i r  
p e r  minut  e 

I N T R  ODUCT ION 

The N a t i o n a l  Adv i so ry  C o m a i t t e e  f o r  A e r o n a u t i c s  is en- 
v e s t  i ga t  i n g  rneans of n o d i f y i n g  tkte c o n v e n t i o n a l  NACA r a d i a l  
engirie cowl ing  t o  meet t h e  dernands i m o s e d  by t h e  l a t e s t  
d e s i g n s  o f  r i i i l i t a r y  a i r p l a n e s .  T e s t s  i n  a number of t h e  
wiild t u n l i e l s  have  been  d i r e c t e d .  toward  i m p r o v i n g  t h e  cowl- 
i n g  i n  t h e  f o l l o m i i i g  r e s - p e c t s :  

1. G r e a t e r  s t a b i l i t y  o f  t h e  a i r  f l o w  n i t : i i n  t h e  cowl- 
i n g ,  p a r t i c u l a r l y  a t  a n g l e s  of  a t t a c k  c o r r e s p o n d i n g  t o  t h e  
c l i m b  c o r L d i t i o n ,  t o  p r ~ v i d e  a uniforr i?  c o o l i n g - a i r  p r e s s u r e  
i n  f r o n t  o f  tire e n g i n e  

2. R e d u c t i o n  o f  ene rgy  l o s s e s  i n  t h e  c o o l i n g  a i r  i n  
f r o n t  of t k e  e n g i n e  by t h e  u s e  of  a n  e f f i c i e n t  d i f f u s e r  
between tine i n l e t  a n d  t h e  f r o n t  Pace  of e n g i n e  

3. Adequate  g round  c o o l i a g  c h a r a c t e r i s t i c s  

4. Improvement i n  t h e  e x t e r n a l  shape  t o  r e d u c e  d r a g  
and  t o  i n c r e a s e  t h e  c r i t i c a l  s-peed of t h e  c o w l i n g  

The iVACA D - s e r i e s  c o ~ v l i a g s  h a v e  been  d e v e l o p e d  t o  
meet t h e s e  r e q u i r e m e n t  s .  The D c o w l i n g s  a r e  c h a r a c t e r -  
i z e d  b r  t h e  u s e  of a cowl ing  i u n e r  l i n e r  and  o f  a n  a f t e r -  
body b e h i n d  t h e  s p i n n e r .  These  u n i t s  fo rm  a n  a n n u l a r  en- 
t r a n c e  f o l l o w e d  by 8 d i f f u s e r  s e c t i o n  made up of t h e  a f t e r -  
body and  i n n e r  l i n e r .  I n v e s t i g a t i o n s  s u o h  a s  r e p o r t e d  i n  
r e f e r e n c e s  1 and 2 h a v e  i n d i c a t e d  d e s i r a b l e  r a n g e s  of 
c o o l i n g - a i r  i n l e t  v e l o c i t i e s ,  d i f f u s e r  p ropo . r t  i o i i s ,  and  
e x  t e r na. 1 c on t ou r  s . 

I n  o r d e r  t o  e z p e d i t e  i n c o r g o r a t i o n  of t h e s e  new f e a -  
t u r e s  i n  p r o j e c t e d  d e s i g n s  f o r  r n i i i t a r y  a i r c r a f t ,  t h e  
NACA i s  conducting f l i g h t  t e s t s  of t h e  C u r t i s s  XP-42 a i r-  
p l a n e  f P t t e d  w i t h  s e v e r a l  e n g i n e  i n s t a l l a t i o n s  u t i l i z i n g  
t h e  'Sateat  deve lopmen t s  o f  t h e  BACA c o w l i n g  a n d  i n d i v i d -  
u a l  cyr l ia ie r  ; e t  e::;iA;.tast s t a c k s  ( r e f e r e n c e  3 ) .  
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The XP-42 a i r p l e n e  i e  powcred  by a P r R t t  Be Whitney 
1830- 31 angini? .  A s  o r i & i n a l l y  f u r n i s h e d -  w i t h  t h e  a i r p l a n e ,  
t h i s  e n g i n e  c a r r i e d  a n  e x t e n s i o n  s h a f t  t h a t  p l a c e d  t h e  
progeller 20 i a c h e s  ahead o f  t h e  n o r m 1  p o s i t i o n .  The 
f i r s t  o f  t h e  c o w l i n g s  i n c l u d e d  i n  t h e  s e r i e s  of  t e s t s  w a s  
des ignecl  f o r  t b i s  l o n g- a o s e  e n g i n e  and  r e p r e s e n t e d  a corn- 
p l e t e  r e d e s i g n  o f  t h e  c o w l i n g  f u r n i s h e d  w i t h  t h e  a i rp l a i i e .  
The develc jJGent  o f  C h i s  c o w l i n g  i n  t h e  f u l l - s c a l e  ?sin& 
L u s n e l  i s  d lesc r lbed  i n  r e f e r e n c e  2 a n 6  t h e  f X i g h t - t e s t  r e -  
sults are  p r e s e n t e d  i n  referc3nco 4 .  

The p r e s e n t  r e p o r t  i s  t h e  f i r s t  o f  s e r f e s  of  r e -  
p o r t s  on t h o  s h o r t - n a p e  ( 3 s )  cowLings and  c o n t a i n s  t h e  
r e s u l t s  o f  b e s t s  i n  t h e  h i g h- s p e e d  l e v z l . - P l i , g h t  c o n d i t i o n  
o f  t h e  h l g h - i n l e t - v a l o e i t g  co7s l in5 ,  which was Bes igned  
fr3r t-10 s h o r t - n o s e  E’r’a.tt & Whitney 1830 o n g i n c .  T h i s  cowl-  
i n g  was t e s t e d  cn t h o  XD-42 a i r p l a h o  by r o y l a c i n i g  thc: r-ose- 
e x t o n s i o n  shaft  o f  B1:e 18SO-32 e n g t n e  w i t h  a shaf t  of  
s t a n d a r d .  s i  ze . 

For c o n v e n i e n c e s  t e s t  n u n S c r s  h ~ v e  b u e n  a s s i g n e a  each  
c o w l i n g  s r r a n g e n e n t  and  f l i g 5 t  c o n d i t i o n .  T e s t s  1 a n &  2 
were t h e  h i g h - s p o s d  and  c l i m b  5 e s t s  o f  t h d  l o n g - n o s c  c o v l -  
i n g  a n d  t e s t  3 i s  t h e  i n v e s t i g a t i o n  on t h e  s h o r t - n o s e  
c o w l i n g  r e 3 o r t c d  h o r e i n .  F u r t h c r  i d c n t i f i c a t i o n  has been 
g i v e n  b y  p r e f i x i n g  t h i s  $ e s t  number t o  t h e  n x a b e r  f o r  a 
p a x t f c 1 ~ l a . r  f l l g h t ,  which  was a r b i t r a r i l y  a s s i g n e d .  F o r  
exarcple,  f l i g h t  3-6 i n d i c a t o s  f l i g h t  6 i n  which t f l c ?  a i r -  
p l a n e  vas i n  t e s t  c o n d i t i o n  3 .  

I t  w a s  n e c e s s a r y  t o  h e f o r  t h o  f i n a l  p a r t  o f  t h e  t e s t s  
o f  t h L s  c o w l i n g ,  i n v o l v i n g  d e t e r r a i n a t i o n  o f  i t s  c o o l f n g  
c h a r a c t e r i s t i c s  i n  c l i m l s ,  u n t i l  t h e  s c h e d u l e d  h i g h - s p c c d  
t e s t s  o f  o t h e r  e r r a n g e m e a t s  hac? b e e n  completGd a n d  t h e  i n -  
a d e q u a t e  c o w l  f l a p  P n s t a l l a t i o n  c o u l d  be m o d i f i e d  a s  i n  
r e f e r c n c z  4 ,  

%‘Phi? zi.csign o f  t h e  c o w l i n g  nnd e n g i n e  i n s t a l l a t i o n  was 
a pro j c c t  o f  t h e  A I ? - C o o l e d  E n g i n e - I n s t a l l a t i o n  Group s ta-  
t i o n e d  at t h e  L a b o r a t o r y .  The mctmbers o f  t h 2  g roup  a s s o -  
c i a t e d .  w i t h  t b i s  p r o j o c t  i n c l u & e d  Wr, H o w a r d  S ,  D i t s c h ,  o f  
t h e  C u r t i s s  Wright  C o r p o r a t i o n ;  Hr, Peter Tor ra , co ,  o f  t h e  
R e g u b l i c  A v i a t i c n  C o r p o r a t i o n ;  Nr. W i 1 , i a m  S .  R i c h a r d s ,  o f  
t h e  ts‘sight A e r o n a u t i c a l  C o r p o r a t i o n ;  and  MI-, Jamas R ,  
Thompson, o f  P r a t t  & Whitney A i r c r a f t .  T2i.e H a t o r i s 1  C o m-  
mand, & r a y  A i r  F o r c e s  s p o n s o r e d  t h e  i n v e s t i g % t i . c n  and sup- 
p l i e d  t h o  XP-42 a i r p l z n c .  T h G  A i r p l a n e  D i v i s i o n  c.f t h o  .. 
C u r t i s s F I 7 r i g h t  C o r p o r a t i o n  h a n d l e d  t h c  c o n s t r u c t i o n  a$ 

http://investig%ti.cn


4 

w e l l  a s  t h e  s t r u c t u r a l  and  d e t a i l  d e s i g n  o f  t h e  c o w l i n g ,  
and s u p p l i e d  p e r s o n n e l  t o  a s s i s t  i n  t h e  s e r v i c i n g  and 
ma in t enance  o f  t h e  a i r p l a n e  and. c o w l i n g  d u r i n g  t h e  t e s t s ,  
P r a t t  8c Whitney A i r c r a f t  p r e p a r e d  t h e  e n g f n e  and  t o r q u e  
m e t e r  f o r  t h e  t e s t s  and  a s s i s t e d  i n  t h e  o p e r a t i o n  and 
s e r v l o i n g  o f  t h e  e n g i n e .  The p r o p e l l e r ,  cuffs, and s p i n-  
n e r  were s u p p l i e d  by t h e  P r o p e l l e r  D i v i s i c n  o f  t h e  C u r t i s s -  
Wright  C o r p o r a t i o n .  

T h i s  r e p g r t  was os ig inaX1y  i s sued .  a8 a memorandum re- 
p o r t  f o r  t h e  Army A i r  Corps .  

XP-42 AIIRPLANE WITH SHORT-NOSE COWLING 

The ICP-42 a i r p l a n e  i s  i d e n t i c a l  w i t h  t h e  P-35 a i r > l e h e  
e x c e p t  f o r  t h e  f u s e l a g e  f a i r i n g  b e 9 i n d  t h e  c o w l i n g  and t h e  
i n s l o l l s t i o n  o f  i t s  P r a t t  8: Mhi tneg  1830 e n g i n e  w i t h  i t s  
h i g h o r  c r i t i c a l  a l t l t r x d e  r a t i n g .  The power r a t i n g  o f  t i le  
e n g i n e  i s  a s  f o l l o w s :  

Brake Eng ine  A l t i  1. t u d a  
h o r  s e p  ower 

Take- of f 1050 2550 0 
normal r a t i n g  l o o 0  2300 8,5GO 
Normal r a t i n g  1000 2450 1 1 , 5 0 0  
Milit n,ry r a t i n g  1000 2700 14,500 

The e n g i n e  hns a s i n g l e - s t a g e  b lower  w i t h  nn i m p e l t e r -  
d r i v e  r a t i o  o f  8,4721 and a p r o p e l l e r - d r i v e  r a t i o  o f  9:16, 
The eng fne -cy l ind . e r  b a f f l e s  were  reworked t o  minimize  t h e  
l e a k a g e  of a i r  be tween  e , d j o i n i n g  b a f f l e s  and  t o  d i r e c t  t h e  
c o o l i n g  a i r  on t h e  c y l i n d e r s  i n  a n  e f f i c i e n t  manner. 

The 10 - inch -d i ame t  e r  o i l  c o o l e r  f u r n i s h e d  w i t h  t h e  
e n g i n e  was r e p l a c e d  by a n  11- inch  U . B . P .  c o o l e r  w i t h  t h o  
same C O T @  d e p t h  o f  9 i n c h e s ,  I n d i v i d u a l  J e t  e x h n u s t  s t a c k s  
were used. i n  p l a c e  o f  t h o  s tnnda rd .  c o l l e c t o r  r i n g .  These  
stacks are made OS 0 .049- inch  s t n i n l e s s - s t e e l  t u b i n g  o f  
2--inch o u t s i d e  d i a m e t e r ,  The ends  o f  t h e  s t a c k s  were 

f l a t t e n e d  t o  r e d u c e  t h e  i n t e r n n l  n r e a  from 4 .05  t o  2 ,98  
s q u a r e  i n c h e s .  
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The e n g i n e  c o w l i n g  and p r o p e l l e r  c u f f s  were f n b r i -  
c a t e d  by t h e  C u r t i s s- W r i g h t  C o r p o r a t i o n  2nd a r e  shown i n  
f i g u r e s  1 t o  6 .  

The fu se l age  s i d e  p a n e l s  r e p o r t e d  i n  r e f e r e n c e s  1 xnd 
2 were  u s e d  t o  improve t h e  f a i r i n g  o f  t h e  c o w l i n g  i n t o  t h e  
f u s e l a g e .  The a i r p l a n e ,  as  p r e p a r e d  f o r  t h e  t e s t s ,  weighed 
a b o u t  G O O 0  pounds  wi th  175-pound p i l o t  and f u l l  t a n k s ,  I t  
r o t x i n c d  t h e  s t R n d a r d  9 e r i a 1 ,  b u t  had no p r o v i s i o , n s  f o r  
guns .  

TEST APPARATUS 

The  i n s t a l l a t i o n  of .  t e s t  equipment  wr' ts  d e s i g n e d  t o  
g i v e  5 s  n e a r l y  as  p o s s i b l a  a c o n t i n u o u s  r e c o r d  o f  t h e  
p e r t i n e n t  d a t a ,  w i t h  t h e  e x c e p t i o n  o f  a i r - f l o w  mensure- 
m e n t s ,  t h r o u g h o u t  e a c h  f l i g h t .  C o n t i n u o u s  r e c o r d s  were 
t a k e n  o f  a i r s p e e d . ,  a l t i t u d e ,  a w n i f o l d  p r e s s u r e ,  e n g i n e  
speoc?. r n d  t o r q u e ,  ~ t n d  t e m p e r a t u r e s .  A i r  flows were meas- 
u r e d  by r e c o r d i n g  i n s t r u m e n t s  during t h e  p m t i c u l x r  
f l i g h t  c o n d i t i o n s  ufider i n v e s t i g a t i o n .  

F r e e- s t r e a m  impRct p r e s s u r e  w n s  measured  by a n  WAC& 
D i r s p e e d  r e c o r d e r  c o n n e c t e d  t o  a n  a i r s p e e d  boom on t h e  
r i g h t  wing t i p  ( f i g .  7 ) .  The boom c a r r i e d  a f i x e d  s t a t i c  
hep.d a b o u t  one c h o r d  Length  a h e a d  o f  t h e  l e a d i n g  edge af 
t h e  wing .and a s - p e c i a l  s h i e l d e d  impac t  h e a d  h a l f w a y  be-  
tween t h e  s t a t i c  h e s d  2.nd t h e  l e n d i n g  edge  o f  t h e  wing.  
The s t a t i c  hepd was c a l i b r a t e d  i n  f l i g h t  by f l y i n g  a t  n 
known g e c m e t r i c  h e i g h t  R t  s e v e r a l  ~ i r s p e e d s  w i t h  a s e n s i -  
t i v e  a l t i m e t e r  ( f i g ,  8 )  c o n n e c t e d  t o  t h e  s t a t i c  h e a d .  The 
s h i e f a e d -  impac t  h e a d  i s  accura t . e  at 311 q n g l a s  of f i t t a c k  
e n c o u n t e r e d  i n  s t e a d y  f l i g h t .  

A t m o s p h e r i c  p r e s s u r e  was measured  by a n  NACA r e c o r d -  
i n g  P l t S x e t e r  v e n t e d  t o  t h e  compartment  b e h i n d  t h e  cock- 
g i t  5n which  t h e  r e c o r d i n g  i n s t r u m e n t s  were i n s t a l l e d .  
Pressure d a t a  s o  a c q u i r e d  were  c o r r e c t e d  f o r  t h e  measured  
d i f f e r e n c e  be twoen t h e  compartment  p r e s s u r e  -.nd t r u e  s t a t -  
i c  p r e s s u r e .  

I n  t h e  same i n s t r u m e n t  wRs i n c o r p o r s t e d  a n o t h e r  c e l l  
t h 2 t  r e c o r d e d  t i b s o l u t e  m n n i f o l d  p r e s s u r e  P t  t h e  s u p e r -  
ch . t rgc r  b l o w e r  r i m .  

The pressure f r o m  a P r a t t  6% Whitney o i l - p r e s s u r e  
t o r q u e  ine tcr  i n s t a l l e d  i n  t h e  n o s e  o f  t h e  e n g i n e  w a s  t r a n s -  
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m i t t e d  b o t h  t o  a gage i n  t h e  pilot's c o c k p i t  and t o  a n  
NACk p r e s s u r e  r e c o r d e r  h a v i n g  a r a n g e  o f  400 pounds  p e r  
s q u a r e  i n c h ,  T h i s  i n s t 8 , l l a t i o n  p e r m f t t u d  b o t h  v i s u a l  a n d  
r e c o r d e d  i n d i c a t i o n s  o f  t h e  t o r q u e  delivered t o  t h e  p r o-  
p e l l e r .  T h i s  r e c o r d ,  i n  c o n J u n c t i o n  w i t h  t h a  e n g i n e-  
s p e e d  r e c o r d ?  p e r m i t t e d  c a l c u l a t i o n  of  t h a  b r a k e  h o r s e-  
power d e l i v e r e d  t o  t h o  propollcr a t  a n y  t i m e  d u r i n g  thi! 
flight. 

E n g i n e  spccd  W R S  recorded by moans o f  a r e v o l u t i @ n  
c o u n t c r  t c o d  o f f  t h o  tachometer d r i v e ,  A t  c v o r y  2 0 0 t h  rev- 
o l u t i o n  o f  t h o  o n g i n o ,  P cont2 .c t  w q s  mRdo t h a t  o p o r s t c d  
s o l s n o i d  ind m n d s  9 mqrk on  t h c  n i r s p c c d  f i l m ,  S i n c e  a 
c h r o n o m c t r i c  t i m e r  was 1 1 ~ 0  u s o d  t o  m R r k  t h o  film c v e r y  3 
s o c o n d s ,  t h o  t i m e  f o r  200 r e v o l u t i o n s  c ~ u l d  bo c n l c u l a t e d  
from t h e  r i ! l q t i v c  d i s t a n c a s  n l o n g  t h e  film o f  e n g i n e  spcod  
find t i n e r  m a r k s .  

A l l  t e m p c r i t u r o  r e c o r d s  were msdc by means o f  thcrmo-  
c o u p l e s  c o n n e c t e d  t h r o u g h  t w o  3 4 - p o s i t i o n  r o t q t t i n g  s w i t c h -  
e s  t o  - t w o - c e l l  r o c o r d i n g  g s l v g n o m a t c r ,  T h e  c o l d  junc- 
t i o n s  o f  sll t h c r m o c o u p l o s  wcrc pLa.ccd i n  psns s u r r o u n d e d  
by sn i c o - s n d - w o t c r  b q t h  t o  k s c p  thorn ? t  c o n s t n n t  tcmpcra- 
t u r c .  The lesds t o  t h e  c o l d - j u n c t i o n  box arO shown i n  
f i g u r e  9 .  The box c o n t a i n i n g  t h e  i c e - a n d - w a t e r  b a t h  i s  
concea led!  by t h e  f e l t  w r a p p i n g  u s e d  t o  i n s u l a t e  t h e  b a t h  
from t h e  c o c k p i t  t e m p e r a t u r e s .  The s w i t c h  s p e e d  was s u c h  
t h a t  e a c h  t e m p e r a t u r e  was r e c o r d e d  a b o u t  once  e v e r y  45 
s e c o n d s ,  

A l l  c g l i n d e r - h e a d  and  b a r r e l  t e m p e r a t u r e s  were m a s -  
w e d ,  t h e  h e a d s  by means o f  g a s k e t - t y p e  t h e r m o c o u p l e s  un-  
d e r  t L e  r e a r  s p a r k  p l u g s ,  and  t h e  b a r r e l s  by means a f  
t h e r m o c o u p l e s  peened  i n t o  t h $  f l a n g e s  a t  t h e  r e a r  c e r , t e r  
l i n e  (. Other  t e m p e r a t u r e  r e c o r d i n g s  inc luded . :  

I n t a k e  m i x t u r e  a t  i n t a k e  p o r t s  o f  c y l i n d e r s  5 a n d  10  

F r o n t  and  r e a r  s p a r k - p l u g  e lbows  of  c y l i n d e r s  1, 7 ,  
and  11 

R i g h t  a n d  l e f t  magnetos  

F u e l  cn s u c t i o n  and p r e s s u r e  s i d e s  o f  pump a n d  i n  c a r -  
b u r e t  o r  f l o a t  chamber 

M i x t u r e  a t  s u p e r c h a r g e r  b lower  r i m  
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O i l  o u t  

O i l - i n  l i n e  

F r e e  a i r  ( u n d e r  l e f t  w ing  o u t s i d e  s l i p s t r e a m ,  s e e  
f i g s .  10 a n d  11) 

A i r  j u s t  a h e a d  o f  s c r e e n  i n  c a r b u r e t o r  scoop  

A i r  a t  e n t r a n c e  t o  e n g i n e  c c n p a r t m e n t  

E n g i n e  c o o l i n g  a i r  a h c a d  o f  c y l i n d e r  1 a n d  between 
c y l i n d e r s  2 and 24 

E n g i n e  c o o l i n g  a i r  2 i n c h e s  b e h i n d  c y l i n d e r  1 and  
t h r z o  f i n  s p a c e s  above  b o t t o m  o f  h e s d  

A i r  .It e x i t  f r o n  o i l  c o o l e r  

A c c e s s o r y  compartment  

P i l o t  I s c o c k p i t  

R e  c o r d i n g 5 n s t r u m e  n t c o mp ar t men t 

An 9 d d . i t i o n a l  t h e r T o c o u p l e  was p l a c e d  i n  a t h a r m o s  
b o t t l e  ( f i g .  1 2 )  c o n t a i n i n g  h o t  e t h y l e n e  g l y c o l ,  t h e  tem- 
p e r a t u r e  o f  which was checked w i t h  a mercury  ths rmomote r  
just b o f o r o  t a k c - o f f  and  j u s t  a f t e r  l a n d i n g .  

E n g i n s  c o o l i n g ,  c a r b u r e t o r  a n d  o i l - c o o l e r  a i r  f l o w ,  
as  w e l l  a s  s e v e r a l  a d 8 7 i t i o n s l  p r c s s u r e  measuremcnts ,  were  
mado by mean? of a n  XACA m u l t i p l e  r e c o r d i n g  manometer i n  
c o n j u n c t i o n  w i t h  t w e l v e  9 - p o s i t i o n  r o t a t i n g  p r o - .  Q sure 
s w i t c h e s ,  whlch  mado p o s s i b l 2  t h e  recording o f  108 d i f f e r e n t  
p r c s F u r e s  w i t h i n  a b o u t  30  saconc?s .  The i n s t a l l a t i o n  o f  t h e  
manometer and s w i t c l i e s  i s  shcwn i n  f i g u r e s  13 and 34. 

F o r  t b c  measurement  o f  e n g i n s  c o o l i n g - a i r  f l o w ,  t h r e o  
p r e s s u r e  r a k e s  wer3 s e t  120' a p a r t  i n  t h s  a n n u l a r  e n t r a n c e  
t o  t h e  e n g i n e  compar tment .  Sach  rak2  c o n s i s t s d  o f  f i v e  
i m p a c t  t u b e s  spacod  r a d i a l l y  a c r o s s  t h e  o p e n i n g  and  one 
s t s t i c  t u b e  a b o u t  1 i n c h  t o  th .2  s i d e  o f  t h e  c e n t e r  impac t  
t u b e ,  T i g u r c  15 shows t h e  r i g h t  a n d  l o f t  rakes. 

The p r e s s u r e  a t  t h e  e n t r a n c e  t o  t h e  c y l i n d e r  b a f f l e s  
was meiisured 3 ; ~  a t o t a l  o f  5 7  i m p a c t  t u b e s  d i s t r i b u t e d .  
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be tween  c y l i n d e r s  1, 3, 4 ,  6, 7 ,  9 ,  10 ,  1 2 ,  and  14. Bach  
o f  t h e s e  . c y l i n d e r s  c a r r i e d  t w o  impac t  t u b e s  on t h e  e x h a u s t  
s i d e  o f  t h e  c y l i n d e r ,  one a b o u t  t h r e e  f i n  s p a c e s  be low a n d  
t h e  o t h e r  Rbout t h r e e  f i n  s p a c e s  above t h e  b o t t o m  o f  t h e  
h e a d ;  n t h i r d  t u b e  w a s  i n  t h e  f i n s  on t o p  o f  t h e  c y l i n d e r  
h e a d .  I n  a d d i t i o n ,  c y l i n d e r s  1, 6 ,  a n d  1 0  had impac t  t u b e s  
s i m i 1 ; t r l y  l o c a t e d  on t h e  i n t a k e  s i d e s  o f  t h e  h e a d s  a n d  b a r -  
r e l s  a n d  c y l i n d e r s  3 and 4 c a r r i e d  t u b e s  be tween  t h e  t o p-  
m o s t  c o n c e n t r i c  h e a d  f i n s  and  be twean  t h e  l o w e s t  b a r r e l  
f i n s  on t h e  e x h a u s t  s l d e s  o f  t h e  c y l i n d e r s .  Some o f  t h e  
t u b e s  i n  t h e  b a f f l e s  o f  c y l i n d e r s  9 a n d  10 p r o  i n d i c a t e d  
by a r r o w s  i n  f i g u r e  16. The p r e s s u r e  r a k e  shown was i n -  
s t a l l e d .  R f t e r  c o m p l e t i o n  o f  t h o  t e s t s  r e p o r t e d  h e r e i n  a n d  
p r c p n r p - t o r y  t o  t ; e s t s  o f  a b l o w o r - c o o l e d  i n s t a l l a t i o n .  
S t a t i c  p r e s s u r e  b e h i n d  thi? enginc:  c y 2 i n d o r s  W R S  moasurcd 
by opon-end t u b e s  shol torc .6!  f r o m  d i r o c t  a i r  f l o w  b c h i n d  
~ n d  j u - s t  b s l o w  e a c h  o f  t h o  n i n e  c y l i n d e r s  on which thho i m -  
p a c t  t u b e s  wcrc placed. 

The sir f l o w  a n d  thc! ram t o  t h o  carburetor were d c -  
t e r m i n o d  by meTns o f  a r a k c  ( S J O  f i g ,  17) c f  f i v e  i m p a c t  
t u b o s  on t h c  v e r t i c a l  c e n t e r  l i c o  of t h e  scoop  a b o u t  2 
i n c h e s  b e h i n d  t h e  c e n t e r  l i n e  o f  t h e  r e a r  c y l i n d e r s  a n d  
t h r e e  s t a t ? - c  t u b e s  a b o u t  1 I n c h  t o  t h o  s i d e  o f  t h e  impac t  
t u b a s .  H o l e s  f l u s h  w i t h  t h e  t o p  and bOttQ?rI wa l l s  o f  t h e  
d u c t  g a v e  t h e  s t a t i c  p r e s s u r e  i n  t h e  'boundary l a y e r .  Con- 
n e c t i o n s  were a l s o  made t o  t h e  c a r b u r e t o r  i m p a c t - p r e s s u r e  
t u b e s  b e l o w  t h e  s c r e e n  and t o  t h e  p r e s s u r e  i n  t h e  f l o a t  
chamber ,  beyond ' t h e  a l t i t u d e  c o m p e n s a t o r ,  

P r e s s m e s  i n  front o f  t h e  o i l  c o o l e r  ( f i g .  18 )  were  
measured  by nleans o f  t h r e e  impac t  and  t h r e e  s t a t i c  t u b e s  
d i s p o s e d  a l o n g  t h e  v e r t i c a l  c e n t e r  l i n e  o f  t h e  o i l  c o o l e r ,  
t h e i r  o p e n i n g s  b e i n g  a b o u t  314 i n c h e s  i n  f r o n t  o f  t h e  f a c e  
o f  t h e  o i l  c o o l e r .  T h r e e  impac t  t u b e s  were p l a c e d  a b o u t  
1 i n c h  b e h i n d  t h e  r e a r  f a c e  02 t h e  o i l .  c o o l e r ,  also on t h e  
2 
v e r t i c a l  c e n t e r  l i n e ,  and R s h i e l d e d  l m p a e t  t u b e  a c c u r a t e  
t o  a b o u t  20' o f  yaw was s e t  i n  t h e  e x i t  a i r  s t r e a m  a t  t h e  
t r a i l i n g  edge o f  t h e  o i l - c o o l e r  f l a p  ( f i g .  19). The r e l a -  
t i v e  l o c a t i o n s  of  p o i n t s  o f  p r e s s u r e  measurement  a r e  i n d i -  
c a t e d  i n  f i g u r e s  6 a n d  20. 

A d d i t i o n a l  p r e s s u r e  n e a s u r e n e n t  s i n c l u d e  a c c e s s o r y -  
compar tment ,  r e c o r d i n g- i n s t r u m e n t- c o m p a r t m e n t ,  and p i l o t ' s -  
c o c k n i t  p r e s s u r e s ,  a s  w e l l  a s  f r e e - s t r e a m  impac t  p r e s s u r e .  

All impact  clnd stRt3.c t u b e s  t o  t h e  manometer were o f  
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& - i n c h  c o p p e r  t u b i n g ,  0 .06- inch  i n s i d e  d i a m e t e r ,  w i t h  
8 
l e a d s  n o t  l e s s  t h a n  1 2  n o r  more t h a n  1 5  f e e t  l o n g .  

I n s t r u m e n t  r e a d i n g s  made by t h e  p i l o t  i n c l u d e d  o i l - i n ,  
c a r b u r e t  o r - m i x t u r e ,  and f r e e - a i r  t e m p e r a t u r e s  f rom v a p o r -  
p r e s s u r e  t h e r m o m e t e r s  a l r e a d y  i n s t a l l e d  i n  t h e  s i r p l f i n e .  
F o r  t h e  lstst t w o  f l i g h t s ,  a r e s i s t a n c e - b u l b  t h e r m o m e t e r  
w i t h  a r q t i o - t y p e  i n d i c a t o r  was  i n s t R l l e d  i n  p l a c e  of t h e  
v a p o r - p r e s s u r e  f r e e - a i r  t h e r m o n a t e r .  All f r e e - a i r  thermom- 
e t e r s  were c a l i b r q t e d  f o r  t h e  h e a t i n g  e f f e c t  due  t o  s p e e d  
by f l y i n g  c 2 t  c o n s t a n t  a l t i t u d e  n t  sever.11 a i r s p e e d s .  The 
c s l i b r n t i o n s  a r e  shown i n  f i g u r e  21. I t  was d e c i d e d  t h q t  
t h e  f r e e - R i r  t c m p e r s t u r e s  r e c o r d e d  by t h e  t h e r m o c o u p l e  
were  t h c  m o s t  r c l i a b l o ,  a,nii. t h e s e  f r o c - R i r  t cmgerRturos ,  
c o r r o c t o d  f o r  c o m p r o s s i b i l i t y ,  s r c  u s e d  i n  t h i s  r e p o r t ,  

A t t e m p t s  were rn,-do t o  measure  t h e  f u c l  f l o w  t o  t h o  
e n g i n e  by t w o  s c p a r a t o  methods .  One method was by t h e  use  
of  s a  BACA r e c o r d i n g  f lowmete r  i n s t q l l e d  i n  t h o  f u e l  l i n o  
botwecn t h e  pump ?.nd t h o  c q r b u r s t o r ;  t h e  o t h o r  w'is by 
m c n s u r i n g  t h c  p r c s s u r o  d r o p s  a c r o s s  t h o  main a n d  eccnomizos  
j e t s  i n  t h e  c a r b u r 3 t o r ,  which  had  b c ~ n  Cql ib rRtOd p r e v i o u s -  
l y  on t h c  f l o w  b o n c h ,  A n R l y s i s  o f  t h e  chta  s u b s e q u e n t  t o  
t h e  t e s t s  i n d i c a t e d .  t h a t  n e i t h e r  method gave s a t i s f a c t o r y  
r e s u l t s  a s  i n s t a l l a d ,  and no f u e l - f l o w  d R t a  a r e  p r e s e n t e d  
in t h i s  r a p o r t .  I t  i s .  thought ; ,  however ,  t h A t  f u r t h e r  de-  
ve lopment  will resulL in making one o r  bo%h o f  t h o s e  rne'ch- 
o d s  o f  f u e l - f l o w  measurement  s a t i s f a c t o r y  a n d  may p e r m i t  
r c c l a m a t f o n  o f  t h e  d a t a  o b t a i n e d  Pn t h e s e  t e s t s .  

TEST PROCSDUBB 

B e c a u s e  t h e  c o w l i n g  was e q u i p p e d  w i t h  o n l y  enough 
c o w l - f l a p  a r e a  t o  c o o l  t h e  e n g i n e  i n  a mediurn c l i m b ,  all 
f u l l - p o w e r  t e s t i n g  was c o n f i n e d  t o  t h e  h i g h - s p e e d  l e v e l -  
f l i g h t  c o n d i t i o n .  The f l i g h t  € e s t s ,  t h e n ,  f e l l  i f i t o  t h r e e  
g r o u p s :  f i r s t ,  p r e l i m i n n r y  ground, t e s t s  a n d  f l i g h t s  a t  i n -  
c r e a s i n g  ~ l t l t u d e s  and  powers  t o  make s u r e  th; t t  c o o l i n g  3t 
full powor a n d  c r i t i c n l  a l t i t u d e  would be w i t h i n  t h e  a l l o w -  
a b l e  l i m i t s  and t o  c ~ l i b r q t e  t h e  C f r s p o e d  haqd  Rnd f r e e -  
a i r  t h e r m o m e t e r ;  s e c o n d ,  f u l l - p o w e r  l e v e l  flights with t h e  
o r i g i n , . t l  c u f f s  R t  s s v c r a l  2 l t P t u d c s  a t  and  above  t h e  en-  
g i n e  c r i t i c a l  d t i t u d e  ( f l i g h t s  3 - 6 ,  3 -8 ,  s n d  3-91; a.nd 
t h i r d ,  f u l l- p o w e r  l e v o 1  f l i g h t s  st n p p r o x i m t o l y  t h e  sane 
a l t i t u d e s  a s  i n  t h e  socond g r o u p ,  but w i t h  t h c  cuff  a n g l e s  
r e d u c e d  by a b o u t  2' ( f l i g h t s  3-10 s n d  3-11). 

J 
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* 
The t y p i c a l  p r o c e d u r e  u s e d  f o r  t e s t i n g  h i g h  speed  and  

c o o l i n g  p r e s s u r e s  may be s e e n  f r o m  a.n i n s p e c t i o n  o f  t h e  
t i m e  h i s t o r i e s  o f  t h e  f l i g h t s  ( f i g s .  2 2 ,  2 3 ,  and  24) .  The 
p i l o t  made a g e n t l e  c l i m b  t o  a p p r o x i m a t e l y  t h e  r a t e d  c r i t -  
i c a l  a l t i t u d e  o f  t h e  e n g i n e  ( 1 4 , 5 0 0  f t ) ,  t h e n  l e v e l e d  Out ,  
c l o s e d  t h e  cowl f l a p s ,  and went t o  f u l l  t h r o t t l e  a t  2700 
rpm i n  t h e  a u t o m a t i c - r i c h  c a r b u r e t o r  s e t t i n g .  A f t e r  r e a c h-  
2ng c o n s t a n t  s p e e d ,  t h e  p i l o t  siaritched on t h e  manometer 
a n d  f u e l  f l o w m e t e r  f o r  a b o u t  4 0  s e c o n d s ,  o r  for s l i g h t l y  
more t h a n  one c y c l e  o f  t h e  r o t a t i n g  p r e s s u r e  s w i t c h e s .  
(All o t h e r  r e c o r d i n g  i n s t r u m e n t s  were  l e f t  o n  f r o m  t a k e -  
o f f  t o  l a n d i n g . )  The i n t e r v a l  t h u s  coverer?.  wa,s c o n s i d -  
e r e d  t o  be t h e  i ' r u n "  f o r  p u r p o s e s  o f  d e t e r m i n i n g  t h e  h i g h-  
s p e e d  a n d  c o o l i n g  c h a r a c t e r i s t i c s  o f  t h e  a i r p l a n e  a t  t h a t  
a l t i t u d e  and power .  Upon c o m p l e t i o n  o f  t h e  r u n ,  t h e  p i l o t  
would c l i m b  t o  t h e  n e x t  a l t i t u d e  ( u s u a l l y  a b o u t  800 f t  
h i g h e r ?  and make a n o t h e r  r u n  o f  t h e  si.rne t y p e .  I n  e a c h  
00 t h e  f l i g h t s  f o r  h i g h  s p e e d ,  r u n s  were ma.de a t  f o u r  a l -  
Cft t iOes .  F o r  t h e  l a s t  f l i g h t  w i t h  t h e  m o d i f i e d  c u f f s ,  one 
h i g h- s p e e d  r u n  was made at a n  i n d i c a t e d  ~ 1 t i t ; u d . e  o f  1 7 , 0 0 0  
f e e t  i n  n u t o m a t i c  r i c h ,  .;.fter which t h e  c a r b u r e t o r - m i x t u r e  
c o n t r o l  was chnnged t o  f u l l  r i c h  2nd t h e n  l e s n e d  ou t  p r o-  
g r e s s i v e l y  i n  o r d e r  t o  f i n d  w h e t h e r  a, h i g h e r  power c o u l d  
bs , . r t t . t i ncd  w i t h  a. d i f f e r e n t  m i x t u r d .  When t h e  m i x t u r e  
W Q S  changed  f r o m  q u t o m q t i c  r i c h  t o  f u l l  r i c h ,  t h e  t o r q u e  
dr0ppc.d 13 p e r c e n t  q C  c o n s t r n t  e n g i n e  s p e e d ;  when t h e  
m i x t u r e  w q s  l o . t n s d ,  t h s  t o r q u e  r o s e  b u t  s t a r t e d  t o  f a l l  
o f f  a g a i n  a f t e r  a l m o s t  r e a c h i n g  t h e  v a l u e  o b t a i n e d  j;n t h e  
a u t o m a t i c  r i c h  s e t t i n g .  A s  i t  was n o t  c o n s i d e r e d  s a f e  t o  
l e P n  t h e  m i x t u r e s  b e l o w  t h e  p o i n t  a t  which  t h e  t o r q u e  
s t a r t e d  t o  f a l l  o f f ,  t h e  p i l o t  i m m e d i a t e l y  s e t  t h e  m i x t u r e  
c o n t r o l  back  t o  au tomat ic  r i c h  and ended t h e  e x p e r i m e n t .  
A s u b s e q u e n t  s t u d y  o f  t h e  r e l a t i v e  f u e l - f l o w  da ta  i n d i c a t -  
e d ,  h o w e v e r ,  t h a t  t h e  r a t e  o f  f u e l  f l o w  t o  t h e  e n g i n e  d u r-  
i n g  manual  m i x t u r e  c o n t r o l  was n e v e r  a s  l o w  a s  t h e  r a t e  o f  
f u e l  f l o w  i n  a u t o m a t i c  r i c h ,  t h e  u n e x p l o r e d  r a g i o n  was i n -  
d i c a t e d  t o  be of t h e  o r d e r  o f  70 pounds  o f  g a s o l i n e  p e r  
h o u r .  The f u e l - f l o w  r e c o r d s  a l s o  i n d i c a t e d  t h a t  t h e  mix- 
t u r e  was becoming s l i g h t l y  r i c h e r ,  r a t h e r  t h a n  l e a n e r ,  
d u r i n g  t h e  l a s t  p a r t  o f  t h e  p e r i o d  o f  manual c o n t r o l .  

RXSULTS 

I n  f i g u r e s  2 2 ,  2 3 ,  a n d  24 a r e  p r e s e n t e d  t i m e  h i s t o r i e s  
o f  t h e  main h i g h- s p e e d  f l i g h t s ,  g i v i n g  t h e  r e c o r d e d  p r e s -  
s u r e  a l t i t u d e ;  i n d i c a t e d  a i r s p e e d ;  m a n i f o l d  p r e s s u r e ;  
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t o r q u e ;  e r ,g ine  speed ;  snt? h e a d ,  b a r r e l ,  rind otE-er s e l e c t e d  
t e m p e r s t u r e s  d u r i n g  t h e  f l i g h t .  The b r a k e  horsepower  a s  
c e l c u l a t e d  f r o m  t h e  t o r q u e  a n d  Engine- speed c u r v e s  i s  slso 
g i v e n .  

The p e r i o d s  0% stead.y L e v e l  f l i g h t  at d i f f a r c n t  ax=- 
t i t u e e s  d u r i n g  whfch t h e  h i g h  s p e e d  was b e i n g  meBsurod 
p r c  i n d i c P t e Z  on t h e  t i m c !  h i s t o r i e s .  The d a t a  p e r t i n e n t  
t o  t L e  d e t e r m i n R t i o n  o f '  rmximum s p e e d  t h a t  were r e c o r d e d  
d u s f n g  t h e s e  r u n s  ? r e  p l o t t e d  t o  2n e E l y r g e d  s c c l e  i n  f i g -  
u r e  2 5 ,  The v z l u e s  o f  maximixin s p e e d  ~rylit power c a l c u l a t e d  
from t h e s e  ( ? ~ t q  f o r  e a c h  r u n  " r e  g i v e n  i n  t f i b l e  I s l o n g  
w i t h  s imul tgneous l ,y  r e c o r d e d  d a t a  on e n g i n e  t e m 9 e r a t u r e s  
nnd cooling 2nd i n a u c t i o n  p i s  p r e s s u r e s .  

D T. s CG s s I OB 

Msxiiaum Speed 

The v a l u e s  o f  ma.ximum speed  g i v e n  f o r  e n o h  r u n  i n  
t g b l e  I were computed f r o m  v q l l i e s  o f  impa-ct qn?i s t 2 t i c  
p r e s s u r e  s e l e c t e d ,  . . t f t e r  i n s p e c t i o n  o f  t i l e  e n l s r % a d  t i m e  
h i s t o r i e n ,  o f  f i g u r e  25, qs b s i n g  nos t  r e p r e s e n t q ~ t i v e  o f  
s t e a d y  l e v e l  € l . i g h t ,  Comparison o f  t h e  v p l u e s  f o r  a l l  
r u n s  o v e r  t h e  ~ l t i t u d e  r - n g e  c o v e r e d  shows 7 mpximum 
s-prend o f  a p p r o x i m - t e l y  5 m i l e s  p e r  hour  i n  sneerl.  The 
f c i r e d  c u r v e  o f  sp2ed q g ~ i n s t  n l t i t u d e  i n  f i g u r e  2% sug-  
g e s t s  Lhqt -7bout 2 0  p e r c e n t  o f  t h i s  s p r e n d  i s  q t t r i b n t s -  
b l e  t o  9 c o n s i s t e n t  v P r i s t i . o n  o f  speed  w i t h  a l t i t u h e .  
The r e r a a i n i n g  s p r e a d  o f  n p p r o x i m s t e l y  4 miles p e r  h o u r  
i n d i c a t e s  t h e  c o n s i s t e n c y  w i t h  which  t h e  maximu-n s n e e d  
v a l u e s  c o u l d  be reDsoduced  i n  d i f f e r e n t  r u n s  u n d e r  4 . i f f e r -  
e n t  a t m o s p h e r i c  c o n d i t i o n s .  

The r e l a t i o n  b e t w e e n  t h e  o b s e r v e d  v a r i a t i o n s  o f  power 
and  s p a e d  w i t h  a . l t i t p d e  shown i n  i 'fguse 26  i s  m o s t  e a s i l y  
u n d e r s t o o d  b y  c o n s i d e r a t i o n  o f  t h e  e q u i l i b r i u m  of  power 
r e q u i r e d  and  power & % * a i l a b l e  i n  s fea .dy  l e v e l  f l i g h t .  Un- 
d e r  t h e s e  c o n a i t  i o n s  

I_- n v  - r, bhp 
375 

o r  
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where 

D o v e r - a l l  brag o f  a i r p l a n e ,  pounds  

V t r u e  a i r s p e e d ,  a i l a s  p e r  h o u r  

?1 p r c p u l s i v e  e f f i c i e n c y  o f  p r o p e l l e r  a n d  e x h a u s t  
s t a c k  c o m b i n a t i o n  

bhp  b r a k e  horsepower  

S w i n g  a r e a ,  square f e o t  

CD drag c c e f f i c i e n t  o f  a i r p l a n e  

0 d e n s i t y  r a t i o  

I t  i s  immed. ia tc ly  apparent ;  t h a t ,  for f u l l - t h r o t t l e  
l e v e l  f l i g h t  a t  a n d  s l i g h t l y  above  t h e  c r i t i c a l  n l t i t u d e  
o f  a n  a i r p l a n e  o f  normal  ~ s p e c t  r . z t i o  .ind v i n g  l a ~ d i n g  
And a propel lc7.r  c h o s e n  f o r  g o o &  high-spead.  p e r f o r m a n c e ,  

t h e  v a l u e  o f  t h o  parnmotar 52.73 (2:) 
t u a l l y  u n a f f e c t e d  by modera te  c h a n g e s  i n  w e i g h t  o r  s l t i -  
t u d e .  V n l u e s  o f  t h i s  pc l rPne ta r  ded-uced from t h e  o b s e r v e d  

v n l u c s  o f  v s n d  bhp f o r  oqch run  qr3 p l o t t c c ?  q g n i n s t  

d e n s i t y  a l t i t u d e  i n  f i g u r c  27 .  A s  e x p e c t o d ,  l i t t l e  v8r i .2-  
t i o n  w i t h  a l t i t u d e  i s  p.ppsrcnt .  

1/3 
shouldl be  v i r -  

0- 

Under t h e  c o n d i t i c n s  just  d o s c r i b o d ,  t h e  p n r n n z t e r  

would a l s o  bc  expec tea .  t o  r c m a i n  e s s e n t i a l l y  con-  

s t n n t  o v e r  t h e  a l t i t u d e  r s n g e  c o v e r e d  by t h o  t e s t s .  The  
measured  values o f  t h i s  p a r a m e t e r ,  v h i c h  a r e  a l s o  P l o t t e d  
n g n i n s t  d . e n s i t y  a l t i t u d e  i n  f i g u r e  2 7 ,  c o n f i r m  t h i s  expec-  
t n t i o n ,  

One f a p o r t a n t  p h a s e  of  t h e  p r e s e n t  i n v e s t i g a t i o n  i n-  
v o l v e s  eoc lpa r i son  o f  t h e  h i g h- s p e e d  p e r f o r r m n c o  o f  t h e  
s h o r t - n o s c  c o w l i n g  and e x h a u s t  s t a c k  R r r s n g e a o n t  w i t h  t h a t  
o f  9 s i m i l a r  long- nose  v e r s i o n  t o s t c d  p r e v i o u s l y  on t h e  
same a i r p l a n e  ( r e f e r e n c a  4 ) .  I t  hP,s c l s o  b e e n  s u g g a s t c d  
t h n t  t h e  r e s u l t s  might  be cornpzrcd w i t h  a c c e p t e d  h i g h-  
spoed p e r f o r m a n c e  r e s u l t s  f o r  s imilsr a i r p l a a c s  w i t h  con-  
v c n t i o n a l  s i r - c o o l e d  (P-36A) s n d  l i q u i d - c o o l e d  (P-4GG) i f i -  
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s t a l l a t i o n s .  I n  o r d e r  t o  p r o v i d e  such  n c o m p w i s o n ,  equa-  
t i o n  ( 2 )  i n  t h e  m o d i f i e d  f o r m  

i s  p r e s e n t e d  g r a p h i c a l l y  i n  f i g u r e  2 8 .  P o i n t s  r c p r o s e n t -  
i n g  t h o  h igh- speed  pc r fo rmnnco  o f  t h e  v a r i o a s  n i r p l a n e s ,  
311 o f  which have t h o  sane wing a r e a ,  s.re s p o t t e d  i n  t h i s  
f i g u r e .  The l o c a t i o n  o f  r7 p o i n t  on t h e  f i g u r e  i n m c d i n t c -  
l y  r o v c s l s  n o t  o n l y  t h o  rnaxinum spcod. o f  t h e  a i r p l a n e  b u t  
n f s o  t h o  w-inncr by which t h q t  s p e e d  i s  s t t n i n c d ;  t h p t  i s ,  
by p o w e r ,  s u p c r c h R r g i n g ,  s n d  r8r.i a s  i n d i c a t c d  by t h e  o r -  
d f n q t o  scalo, o r  ’by n c r o d ; ~ n n n i c  r c f i n c n c n t ,  as i n d i c a t e d  
by t h e  a b s c i s s a  s c ~ ~ l z .  

F J i t h i n  r e a s o n s b l o  l i n i t s ,  t h e  f i g u r e  mny be u s e d  f o r  
s o v c r a l  p u r p o s e s .  P r i m a r i l y ,  i t  p r o v i d e s  a r e a d y  method 
f o r  d e t e r m i n i n g  t h e  e f f e c t  on maximum speed  o f  c h a n g i n g  
t h e  c r i t i c a l  a l t i t u d e  o f  an e n g i n e  i n s t a l l a t i o n  by e i t h e r  
s u p e r c h a r g i n g  o r  ram, o r  by r e d u c i n g  p r e h e a t i n g  o f  t h e  * 

c a r b u r e t o r  ~ i r ,  When t h e  c o r r e s p o n d i n g  Changes i n  t h e  
w e i g h t  a n d  t h e  p r o p u l s i v e  e f f i c i e n c y  a r e  smal l ,  t h e  e f f e c t  
on  t h e  f a c t o r  will be n e g l i g i b l e .  T h e  a b s c i s s a  of  a 

p o i n t  on t h e  f i g u r e  may t h e r e f o r e  be assnmed t o  r emain  
c o n s t a n t  w h i l e  t h e  o r d i n a t e  i s  s h i f t e d .  For i n s t a n c e ,  
f o r  pur-poses o f  compar ing  t h e  c l e a n n e s s  o f  t h e  t w o  i n s t a l -  
l a t i o n s  i n  t e r m s  o f  speed  a t  t h e  same horsepower  and  al- 
t i t u d e ,  i t  might  be  aesumed t h a t  t h e  i n d u c t i o n  s y s t e m  o f  
t h e  l o n g- n o s e  XP-42 c 3 u l d  be m o d i f i e d  w i t h o u t  i n c r e a s e  i n  
drag t o  g e t  t h e  same h i g h  r aa  a s  o b t a i n e d  w i t h  t h e  s h o r t -  
n o s e  XP-42. I n  t h a t  c a s e ,  a s  t h e  same e n g i n e  was u s e d  i n  
b o t h  i n s t a l l a t i o n s ,  t h e  o b s e r v e d  p o i n t s  f o r  t h e  long n o s e  

S C D  

would be  s h i f t e d  upward t o  t h e  same a v e r a g e  v a l u e  o f  -- bhP 
CT 

as  was o b s e r v e d  f o r  t h e  s h o r t  n o s e ;  and  t h e  long- nose  i n -  
s t a l l a t i o n  would be e x p e c t e d  t o  a t t a i n  a maximum speed o f  
341 miles  p e r  h o u r ,  compnrcd w i t h  t h e  o b s e r v e d  maximum 
s p e e d s  o f  3 3 6  m i l e s  p e r  h o u r  for t h e  s h o r t  n o s e  and  338 
m i l a s  p e r  h o u r  f o r  t h e  l o n g  n o s e .  The c h z r t  shows t h e n  
t h n t  t h o  c l e a n n e s s  o f  t h o  l o n g- n o s o  i n s t a l l a t i o n  i s  n o t  
f u l l y  e x p k o i t e d  b s c a u s e  o f  l o s s e s  i n  t h e  i n d u c t i o n  s y s t e m .  

The c o m p a r i s o n  ma.y be e x t e n d e d  t o  i n u l u d e  t h e  E-36A 
and. P-4GC, w i t h  l i u i t a t i o n s  t o  be  n o t e d  1RCer.  Inasmuch 
as  t h e  e n g i n e s  o f  nl1 t h e s e  n i r p l a n e s  have  b e e n  r a t e d  a t  



3.4 

--“-“-[Observed maximum 
s p e e d  

i (mph) 

I-- 
I 

A i r  p l a n e  

-- 

Maximum speed nt  
1050 hp F t t  
15 ,000  f t  

( mph? 

The compzrison, ’ owever,  d o e s  3n-pea.r t o  i n d i c s t e  t h a t ,  
by use  of i n d i v i d u a l  j e t  e x h a u s t  s t a c k s  .;ad a h i g h - i n l e t -  
v e l o c t t y  c o w l i n g ,  t h e  i n s t a l l a t i o n  o f  a~ a i r - c o o l e d  e n g i n e  
m y  be  mqde t o  cornpsre f s v o r a b l y  w i t h  R c o n v e n t i o n a l  l i q u i d -  
coo le l l  e n g i n e  i n s t a l l a t i o n .  

XP-42 l o n g  n o s e  

I P-368 
-- L---- 1. 

P r e  s sur  o s qnd T s m p e r q t u r e  s 

3 5 2  

335 

The v ~ r i ” t t i o n  of  c y l i n d e r  t e m p e r s t u r o s  a r o u n d  a n  en-  
g i n e  i s  i n f l u e n c e d  by 9 number o f  f q c t o r s ,  s u c h  a s  non-  
u n i f o r m  c h q r g e  nnd m i x t u r e  d i s t r i b u t i o n ,  t h r t  a r e  i n  no 
way R f u n c t i o n  o f  t h e  c o w l i n g  c ies ign .  U n l e s s  t h e  e f l “ e c t  
o f  t h e s e  f a c t o r s  be d e t e r m i n a d ,  t h e  m e r i t  o f  R cowl-  
i n g  d e s i g n o d  f o r  g e n e r a l  a p p l i c R t i o n  c a n n o t  b e  r e l i a b l y  

t 

Y 
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e v r i l u a t o d  by maasurcmonts  o f  c n g i n s  t o m p o r a t u r c s  ~ l o m  on 
n s p e c i f i c  a p p l i c a t i o n .  For t h i s  r e a s o n ,  p r i m a r y  snpha-  
s i s  i n  t h c  p r e s o n t .  t e s t s  h a s  b o s n  c o n t e r s d  on d o t Q r m i n i n g  
t h e  e x t e n t  t o  which  t h e  t y p e  o f  c o w l i n g  u n d e r  c o n s i d e r a -  
t i o n  p r o v i d e s  n h i g h ,  u n i f o r m l y  d i s t r i b u t e d  p r e s s u r e  o v e r  
t h e  f r o n t  o f  t h e  e n g i n e  and a s u i t a b l e ,  u n i f o r r n l y  d i s t r i b -  
u t e d  p r e e s u r e  o v e r  t h e  r e a r  o f  t h e  e n g i n e .  

F i g u r e s  29 t o  31 p r e s e n t  t h e  r e s u l t s  o f  t h e  p r e s s u r e  
a n d  t e m p e r a t u r e  measurements  i n  a g r n p h i c a l  f o r l a  t ha t  shows 
t h o  d i s t r i b u t i o n  o f  b o t h  p r e s s u r e  and  t e m p e r a t u r e  around 
tho e n g i n e  f o r  s e v e r a l  t y p i c a l  r u n s .  T h e s e  da ta  i n d i c a t e  
t h a t ,  w h i l e  p p e s s u r e s  a t  t h e  baffle e n t r a n c e s  v a r y  some- 
what w i t h  t h e  l o c a t i o n  o f  t h e  c y l i n d e r s  on which  t h e y  a r e  
measured, t h e p  v a r y  even  more c r i t i c a l l y  w i t h  t h e  p o i n t  of 
measurement  on t h e  i n d i v i d u a l  c y l i n d e r .  V a l u e s ,  . a v e r a g e d  
a r o u n d  t h e  eng ine , ,  of t h o  f r o n t  p r e s s u r e s  r e c o r d e d  a t  p a r -  
t i c u l a r  l o b a t i o n s  i n  t h e  c y l i n d e r  baffles a r e  givGn i n  
t a b l o  11, Thcy i n d i c a t c  a d e f i c i e n c y  or" f r o n t  p r s s s u r o  
a t  t h o  t o p  o f  t h c  heaOs o f  t h o  f r o n t  c y l i n d e r s  and at  t h e  
b o t t o m  o f  t h e  b a r r e l s  o f  b o t h  f r o n t  a n d  roar cyl ind.o:ss .  

I n  t h o  t y p o  o f  c o w l i n g  u n d e r  c o n s i d e r a t i o n ,  i n  which  
c o o l i n g  a i s  i s  i n t r o d u c c d  t o  titie e n g i n e  compartment  t h r o u g h  
a f s i r l y  na r row e n n u l a r  o p e n i n g ,  t h o  f r o n t  pressures on t h e  
e n g i n e ,  and. p a r t i c u l a r l y  on, t h e  f r o n t  cpJ. indcrs ,  may be ex- 
p c c t o d  t o  v a r y  up  nnd down t h o  c p l i n d o r  v r i t 2 r  r e s p e c t  t o  
t h e  l o c a t i o n  o f  t h 3  c n t z r i p g  j c t ,  t h o  magni tuda  o f  t h o  v a r -  
i a t i o n  d o p e n d i n g  upon  t h o  v e l o c i t y  o f  t h o  j c t  and  t h o  d i a -  
t .qnce o f  t h o  c y l i n d e r  boh ind  t h o  j o t .  I f  s p a c s  p e r m i t s  
t h o  u s e  o f  a w a l l - d c s i g n c d  &iffasGr s e c t i o n  i n  t h o  n n n u l u s ,  
t h e  j o t  o n t o r i n g  b h c  o n g i a e  c o r n p ~ r t m o n t  w i l l  havc  n c g l i g i -  
ble v c l o c i t y  h e a d  and t u r b u l e n t  l o s s c s  k r i l l  ~ 1 s o  bcl n o g l i -  
g i b l e ,  Thc, r e s u l t  s h o u l d  t h e n  bc: e. h i g h  u n i f o r m  p r c s s u r a  
on t h c  f r o n t  o f  t h o  s n g i n c ,  t h c  p r o s s u r c  b e i n g  equa l  t o  
t h a t  i n  t h c  a n n u l u s .  I f  s u c h  a d i f f u s e r  i s  n o t  o r  c a n n o t  
b o  u s e d ,  i t  mny ro3sonsb l .y  bo  e x p e c t e d  t h a . t  t h e  maximum 
v i r i p - t i o n  of f r o n t  p r c s s u r o s  w i l l  n o t  excosd  t h o  d i f f o r -  
Gncc bctwocn t h o  i m p a c t  p r e s s u r e  s n d  s t a t i c  p r o s s u r c  o f  
t h e  air at t h e  o x i t  from t h o  d i f f u s c r ,  o r ,  t h c  v e l o c i t y  
head o f  t h e  j o t .  I t  i s  i n t e r e s t i n g  t o  n o t c  i n  t h i s  con- 
n e c t i o n  t h T t  t h e  lowes t  p r e s s u r e s  mc3surcd i n  t h e  bnfflcs 
were s p p r o x i r n s t a l * y  c q u ~ t l  t o  t h g  fneasurcd  s t s t i c  p r e s s u r e  
I n  t h e  saizulus s n d  t h s t  aonc o f  t h o  f r o n t  p r s s s u r c s  'Were 
a s  h i g h  R S  t h e  i m p a c t  p r e s s u r e  i n  t h o  r innulus .  Tho n v e r -  
" g o  p r o s s u s c  on t h o  f r o n t  o f  thi: cngi .ne was a p p r o x i m a t e l y  
0 ,12q,  l o w e r  t n 3 n  t h c  a v o r x g e  impac t  p r o s s u r o  i n  t h e  r3nnu- 
IUS  ( q . c #  ~ i r p l a n c  impac t  p r e s s . ) ,  
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The gcnora.1 t r e n d  o f  pressure d i s t r i b u t i o n  a r o u n d  t h e  
e n g i n e  i n d i c a t e s  t h a t  t h e  h i g h e s t  f r o n t  p r e s s u r e s  o c c u r r e d  
on t h e  b o t t o r n  o f  t h e  e n g i n e ;  where36 t h e  lowest  f r o n t  p r e s -  
s u r e s  o c c u r r e d  on t b e  r i g h t  and  t h e  l e f t  u p p e r  s i d e s  o f  
t h e  e n g i n e .  Hhen a v e r a g e  p r e s s u r e s  o v e r  slf h i g h- s p e e d  
r u n s  a r e  p l o t t e d  for e a c h  comnon p o i n t  of p r e s s u r e  Densure-  
ment ,  a s  i n  f i g u r e  3 2 ,  i t  i s  s e e n  thri t  t h e  o n l y  p o i n t s  
f o l l o w i n g  t h i s  t r e n d  s u e  t h e  p r e s s u r e s  on t o p  o f  t h e  h e s d s .  
With t h e  e x c e p t i o n  o f  c y l i n d e r  3, t h e  d i s t r i b u t i o n  of p r g s -  
s u r e  on t h e  s i d e  o f  t h e  heRds and  bRrre3.s W Q S  u n i f o r m  
a r o u n d  t h e  e n g i n e .  The p r e s s u r e  t u b e s  on t h e  s i d e  o f  c y l -  
i n d e r  3 were d i r e c t l y  b e h i n d  51. l s r g e  i g n i t i o n - c a b l e  con-  
d u i t  and  p r o b s b l y  1 - y  i n  i t s  w9.ke. A l though  t h e r e  were 
u s u a l l y  Gther  o b s t r u c t i o n s ,  s u c h  a s  push  r o d s  and i g n i t i o n  
cqbles, i n  f r o n t  o f  t h e  o t h e r  pressure t u b e s ,  none were s o  
1 g r g e  -7s t h e  c o n d u i t .  These  o b s t r u c t i o n s ,  hoizTav5r, may 
q c c o u n t  f o r  some o f  t h e  obsorved  d i f f e r e n c e  i n  t o t a l  p r e s -  
sur$  be tween  t h e  Rnnulus  ~ n d  t h e  e n g i n e ,  

I n d i v i d u r t l  c y l i n d e r  t c i n T c r a t u r o s  showed l i t t l e  t e n d -  
Gncy t o  c o r r e l ~ t e  w i t h  t h o  p r e s s u r e  d r o p s  s c r o s s  t h e  i n d i -  
v i d u a l  c y l i n d e r s .  I t  may bc n o t e d  i n  p s r t l c u l a r  t h a t ,  
s l t h o u g h  p r e s s u r e s  ove r  t h e  t o p  of t h 3  f r o n t  c y l i n d e r  
heTds  were l o w e r  t h a n  t h o s e  o v e r  t h e  t o p  o f  t h e  r e a r  heads, 
t h e  f r o n t  h e s d  t e rnpc rRtu res  were l o w o r  t h a n  t h o s e  o f  t h e  
r e a r  h e q d s .  f n  t h i s  c a s e ?  t h e  o b s c r v e d  p r e s s u r e s  on t o p  
o f  t h e  f r o n t  h e a d s  mfiy p r o v i d e  e r r o n e o u s  i n d i c a t i o n s  o f  
t h e  A i r  f l o w ,  becRuse t h e  t o p s  of t h e  f i n s ,  where t h e  
p r e s s u r e  t u b e s  were l o c a t e d . ,  were above  t h e  d i r e c t  a i s  J e t  
But t h e  Lower hplves o f  t h e  f i n s  were exposed  t o  t h e  j e t  
f r o m  t h e  a n n u l u s .  ( S e e  f i g .  6 . )  

An i n s p e c t i o n  of t h e  c y l i n d e r  t e m p e r n t u r e s  a r o u n d  t h e  
e n g i n e  shows t h a t  t h e  r i g h t  s i d e  o f  t h e  e n g i n e  W R S  c o o l e r  
t h p n  t h e  l e f t 6  The l e f t  c y l i n d e r  h e a d s  were on t h e  a v e r -  
a g e ,  s b o u t  35 F h o t t e r  t h a n  t h e  r i g h t ,  =,nd t h e  l e f t  c y l -  
i n d e r  b n s e s  were c o r r e s p o n d i n g l y  abou t  10' F h o t t e r  t h a n  
t h e  r i g h t .  The f r o n t  b a s e  t e m p e r a t u r e s  were s l i g h t l y  
h i g h e r  t h q n  t h e  r e s r  b a s e  t e r n p e r R t u r e s .  T h e r e  i s  no ap- 
p q r e n t  e x p l c n a t i o n  why t h e  l e f t  s i d e  o f  t h s  e n g i n e  was 
h o t t e r  t h n n  t h e  r i g h t ,  b e c a u s e  f r o n t  Ftnd r e R r  c o o l i n g - R i r  
p r e s s u r e s  were n e a r l y  u n i f o r m .  

I n  f i g u r e  33 a v e r a g e  he3.d nnd b ; i r r e l  t e m p e r s t u r e s  i n  
OF above  f r e e - a i r  t c m p e r q t u r o  n r e  p l o t t e d ,  a l o n g  w i t h  t h e  
c o o l i n g - a i r  p r e s s u r o  d r o p s ,  ? v e r s g e d  o v e r  t h e  o n g i n o ,  f o r  
f u l l - t h r o t t l e  o p e r a t i o n  o v e r  2 r Q n g o  of d e n s i t y  a l t i t u d e s  
above t h e  c r i t i c 3 1 .  A l s o  shown % r e  t h o  b r a k e  horsepower  
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and manifold .  p r e s s u r e .  The change  f r o m  t h e  o r i g i n a l  c u f f s  
( f l i g h t s  3-8 and 3- 9)  t o  t h e  m o d i f i e d  c u f f s  ( f l i g h t  3-10) 
produced. l i t t l e  a p p a r e n t  change i n  a n y  o f  t h e  q u a n t i t i e s  
shown. A l t h o u g h  i n d i v i d u a l  p r e s s u r e s  and t e m p e r a t u r e s  
showed l i t t l e  c o r r e l a t i o n ,  t h e  v a r i a t i o n  o f  a v e r a g e  p r e s -  
s u r e s  and t e m p e r a . t u r e s  was c o n s i s t e n t .  

A c o n s i d e r a b l e  r i s e  i n  c y l i n d e r  t e m p e r G t u r e s  a t  a l t i -  
t u d e s  above  c r i t i c a l  a l t i t u d e  a p p e a r s  t o  have  r e s u l t e d  
f r o m  t h e  n e t  e f f e c t  of d e c r e a s i n g  power a n d  d e c r e a s i n g  
p r e s s u r e  d r o p .  An i m p c r t n n t  p r o b a b l e  f R c t o r  i n  t h i s  tern- 
p e r q t u r s  r i s e ,  howavcr ,  W R S  t h a  d e c r e a s e  i a  € u c S - a i r  r s t io  
a s  t h o  mRnifold  p r c s s t z r e  decroass t l  ~t q 1 t i t u L s  nljov;, t h e  
c r i t i c a l  s l t i t u d c .  The pormr c o m p e n s a t i o n  o f  t h i s  c e r b u -  
r a t o r  d.?pcnds upon t h o  m n n i f o l d  pressure. 

The recommended l i m i t i n g  t e m p e r a t u r e s  f o r  t h e  e n g i n e  
u s e d  i n  t h o s e  t e s t s  were 500 3' f o r  t L e  c y l f n t t e r  h e a d s  
a n d  335' F f o r  t h e  b a r r e l s  a t  t h e  p o i n t s  o f  measurement  
u a o d .  A r m y  s p e c i f i c a t i o n s  r e q u i r e  t h a t  t h c  i n s t a l l a t i o n  
bc capabls o f  o p c r a t i E g  w i t h i n  t h a s e  l i m i t i n g  t c m p c r n t u r o s  
u n d a r  tlsumrncr c o n d . i t i a n s , "  t h a t  i s ,  s c a - l s v o l  t c s p a r s t u r o  
i s  100D F 3x6 t ~ c  v a r i a t i o n  o f  t cn ip ; ra tu rd  w i t h  p r e s s u r o  
~ l t i t u d c  i s  3 .6  F p z r  1000 f o 2 t .  F o r  c o r r o c t i n g  t G s t s  t o  
t h o s c  a i r  c o n d i t i o n s ,  a 1:l t s m p e r a t u r o  c o r r a c t i o n  f a e -  
t o r  i s  s p e c i f i e d  f o r  b o t h  h o a d s  and  b a r r e l s .  F i g u r o  34 
shows t h e  obsorvod  hcad  a n d  b g r r e l  tompGrPCures i n  rob- 
t i o n  t o  t h e s o  Aruy Lirnits. I t  i s  i m m c d i a t J l y  a n p a r c a t  
t h a t ,  although h c a d  t c m p d r a t u r c s  wsrc r c l . s L t i v z l y  low, t h e  
maximum b a r r e l  t c m p z r n . t u r e s  xccelm,,d- t h e  Army l i 3 j . t~  c t  s n d  
Rbove c r i t i c a l  P L t i t u d c  cvpn t h o u g h  t h o  sngfnc! W R S  0 p 3 r ~ t -  
i n g  b c l o w  i t s  r s t o d  m i l i t a r y  p o w o r .  A r a d i s t r i b u t i o n  o f  
S v S i i l s b l c  c o o l i n g  a i r  t o  p r o v i d c  a o r i :  p r c s s u r c  q t  t h o  b s s e  
o f  t h c  c l y l i n d a r s  w o u l d  p r o b a b l y  c o r r o c t  t h i s  c o n d i t i o n . *  

Figure 35 p r o s o l z t s  a comp2,rison o f  t h e  a v e r p g e  p r e s -  
s u r e s  n v a i l s b l e  a t  s e v e r a l  l o c a t i o n s  i n  t h e  c o w l i n g .  The 
h i g h e s t  p r e s s u r e s  w e r e  o b s e r v e d  i n  t h e  c a r b u r e t o r  d u c t ,  
I - ------ * S u b s e q u e n t  t e s t s  on t h e  same e n g l n e  a n d  t h e r m o c o u p l e  i n -  
s t a l l a t i o n  i n o m o t h e r  s h o r t - n o s e  c o w l i n g  showed t h a t  a roc 
d u c t i o n  o f  1 5  P i n  t h e  t e m p e r a t u r e  o f  t h e  bs ,se  therrno- 
c o u p l e s  c o u l d  be o b t a i n e d  try ramova l  o f  t h a  b a f f l e  s e a l i n g  
s t r i p s  bdtwecn t h e  b q r r e l s  a t  t h a  b o t t o m  o f  tfic cylfndGrs. 
T h a  s e q l i n g  s t r i p s  arr: a. s p c c i s l  f e a t u r e  o f  t h a  p s r t i c u l s r  
b a f f l e  s r r a n g o m c n t  p r o v i d e d  by P r n t t  & Whitnoy A i r c r P f t  
f o r  t h o  o n g i n o  u s e d  i n  t h i s  i n v s s t i g s t i o n  nnd qrif n o t  p r o s -  
L n t  i n  t h o  s t s n d a r d  b R f f l c  i n s t s l l s t i o n  f o r  l8SO a n g i n o s .  



where t h e  a v e r a g e  p r e s s u r e  w a s  a b o u t  104 p e r c e n t  o f  f r e e-  
s t r e a m  i m p a c t ' p r e s s u r e .  T h i s  r e s u l t  i n d i c a t e d .  t h a t  t h e  
c u f f s  were  l o a d e d  e v e n  i n  t h e  h i g h- s p e e d  c o n d i t i o n .  The 
d i f f e r e n c e  i n  a v e r a g e  p r e s s u r e  bet$reen t h e  c a r b u r e t o r  d u c t  
a n d  t h e  a n n u l u s  i s  l a r g e l y  c h a r g e a b l e  t o  t h e  boundary-  
l a y e r  e f f e c t  on t h e  s p i n n e r ;  w h e r e a s  t h e  d i f f e r e n c e  be-  
tween t h e  a n n u l u s  and  t h e  f r o n t  o f  t h e  s n g i n e ,  a s  has b e e n  
n o t e d ,  was p r o b a b l y  c a u s e d  by t u r b u l e n t  l o s s e s  i n  t h e  r a p i d  
e x p a n s i o n  f r o m  t h e  a n n u l u s  t o  t h e  e n g i n e  compar tment .  The 
l a r g e  boundary- l . aye r  e f f e c t  on t h e  i n n e r  edge  o f  t h e  annu-  
l u s ,  which  f o r m s  a c o n t i n u a t i o n  of t h e  s p i n n e r ,  may be  ob-  
s e r v e d  i n  f i g u r e  3 6 ,  which s h o w s  t h e  a v e r a g e  p r e s s u r e  d i s -  
t r i b u t i o n  i n  t h e  a n n u l u s  ar_d i n  t h e  c a r b u r e t o r  d u c t .  The 
d a t a  i n  t a b l e  I on impac t  and s t a t i c  p r e s s u r e s  a t  t h e  s u r -  
v e y s  i n  t h e  a n n u l a r  e n t r a n c e  t o  t h e  e n g i n e  compartment  i n -  
d i c a t e  t h a t  t h e  r a t i o  o f  t h e  v e l o c i t y  h e a d  a t  any  p o i n t  i n  
t h e  s u r v e y  p l a n e  t o  f r e e - s t r e a . m  impact  p r e s s u r e  remained  
e s s e n t i a l l y  c o n s t a n t  over  t h e  r a n g e  of  power ,  a l t i t u d i e ,  
a n d  a n g l e - o f - a t t a c k  c o n d i t i o n s  c o v e r e d  d u r i n g  t h e  f u l l -  
t h r o t t l e  h i g h- s p e e d  r u n s .  F r o m  t h e  f a i r e d  c u r v e s  o f  t h e  
r a t i o  o f  impact  a n d  s t a t i c  p r e s s u r e s  t o  f r e e - s t r e a m  impac t  
p r e s s u r e ,  a v e r a g e d  f o r  a l l  t h r e e  s u r v e B s  a n d  a l l  h i g h-  
s p e c d  r u n s  as $ h o w 2  i n  f i g u r e  3 6 ,  i t  kns b e a n  found  t h a t  

_cI- o u t e r  w g l l  

d A  = 0 .640 
i n f i e r  w n l l  

where 

2 
dynamic p r e s s u r e  a t  s u r v e y s ,  poun3s  p e r  squars 

1 - e. f ? S b  

airplane impact  p r e s s u r e ,  pounds  p e r  s q u a r e  f o o t  
cl-C 

A area ,  o f  ~ ~ i n u l a r  e n t r p n c e  at s u r v e y ,  s q u a r e  f e e t  

a i r  d e n s i t y  a t  s u r v e y  p l a n e ,  s l u g s  p e r  c u b i c  f o o t  

a i r  v e l o c i t y  e t  s u r v e $  p l a n e ,  f e e t  p e r  second  

P S  

The mass f l o w  o f  a i r  t o  t h e  e n g i n e  i s  

0.640 d'2psqc 
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The volume flow o f  f r e e  a i r  a t  d e n s i t y  p f a  i s  

T e m p e r a t u r e  and p r e s s x i r e  measurements  att t h e  s u r v e y s  i n d i -  
c n t e  t h a t  t h e  d e n s i t y  a t  t h e  s u r v e y s  ranged- f r o m  4 t o  6 
p e r c e n t  above  f r e e - a i s  d e n s i t y  s o  t h a t  

I n s p e c t i o n  o f  f i g u r e  35 s h o w s  t h a t ,  w i t h i n  t h e  l i m i t s  o f  

357 at a l l  a l t i t u d e s  c o v e r e d  by t h e  t e s t s .  Hence ,  t h e  
f l o w  of  c o o l i n g  a i r  t o  t h e  e n g i n e  was 333, c u b i c  f e e t  of  
f r e e  a i r  p e r  s e c o n d ,  o r  1 9 , 8 6 0  c u b i c  f e e t  o f  f r e e  a i r  p e r  
m i n u t e .  

EvaLtiated i n  a s i m i l a r  n a n n c r ,  t h e  data.  f o r  t h e  f l o w  
i n  t h e  c a r b u r e t o r  d u c t  i n d i c a t e s  t h s t  

Vofulnc flow = 0.138 c u b i c  f e e t  p e r  second  

= 2960 c u b i c  f e a t  o f  f r e e  a i r  p e r  m i n u t e  

Inasmuch as t h a  r a . t i o  o f  h o r s e p o w e r  t o  d e n s i t y  was 
c o n s t a n t ,  t h i s  r e s u l t  lead-s t o  t h e  c o n c l u s i o n  t h a t  t h o  
s p e c i f i c  a i r  c o n s u m p t i o n  wqs also n e a r l y  c o n s t q n t  a t  8 .9  
p o u n d s  p o r  b r a k c  horsopowor- hour  . 

C OH C LU 8 I 0 IT S 

Results hava b2:sn g i v a n  of high-spcbd l o v o l - f l i g h t  
t e s t s  o f  4 s h o r t - n o s o  h i g h - i n l e t - v e l o c i t y  c o w l i n g  w i t h  
p r o p c l l c r  c u f f s  on t h e  XP-42 a i r p l s n o .  These  r e s u l t s  a r e  
i n t o n d o d  f o r  u s e  i n  c a m p n r i s o n s  w i t h  o t h e r  c o w l i n g s  tohstod 
o n  t h e  same n i r p l a n e ,  s n d  f o r  t h i s  r c a s o n  t h e  d a t a  ob- 
t n i n c d  have  b c c n  f u l l y  p r c s o n t o d .  



20 

1. The o b s e r v e d  , ~ i r p l a n o  aaximum s p e e d  wae 336 m i l o s  
p z r  h o u r  a t  960  h o r s c p o w c r  st 15 ,000  f c o t  d e n s i t y  q l t i t u d c .  

2.  C o o l i n g- a i s  p r o s s u r s  r c c o v o r y  on t h o  f r o n t  o f  t h e  
e n g i n e  ~ v e r a g e d  a b o u t  80 p e r c e n t  o f  f r e e - s t r e a m  impac t  
p r e s s u r e .  The p r e s s u r e  d i s t r i b u t i o n  was f a i r l y  u n i f o r m .  

3 .  With 15 i n c h e s  of  w a t e r  p r e s s u r e  d r o p  a c r o s s  t h e  
e n g i n e ,  t h e  c y l i n d e r  head t e m p e r a t u r e s  were r e l a t i v e l y  
l o w ,  b u t  c y l i n d e r  b a s e  t e m p e r a t u r e s  were s l i g h t l y  a b o v e  
t h e i r  Army l i m i t .  

L a n g l e y  IYIernorial A e r o n a u t i c a l .  L a b o r a t o r y ,  
N a t i o n a l  A d v i s o r y  Ccmmittee f o r  A e r o n a u t i c s ,  

L a n g l e y  F i e l d ,  v a .  
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TABLL la.-PR€55UR€. AND TEMPERATURE DATA 

I 

9 

Fncine pressure tube locaf/ons 

c yl[nder 

Cultnder 5. - 

.?-€HZ 

2680 2680 268G 2686 
9 ~ 6  933 929 a72 
46/ 3% 36.0 36.e 
36.6 35.4 p.3 7 32 5 

/O R 

6 - E H  Exhhausf 

9 - EH head 
7-EH 1 side uf 

io- EN1 

6 - E B  Exhausll 
7-€B side of 
q - E B  barrel 
10. €6 
12-E8 4 -  t 

n " ,, 

76 77 
79 8 1  

70 72 
, 
, 32 72 

8/  82 

82, 84 
7f ,.75 
73 74 
.69 .7/ 
.66 86 
78 78 
88 .89 
.8/ 83 
84 .86 
86 87 
86 8 8  

80 78 78 
83 80 8' 
73 72 73 
74 73 74 
84. 82 83 

- 8 5  83 84 
78 75 77 
75 73 75 

.73 ..7/ .72 .7/ .7/ 
89 E6 87 87 86 
.81 79 79 78 78 
90 84 90 .89 89 
85 .84 .83 83  83 
a9 .a6 8 7  a7 87 
89 .85 86 85 85 
90 .87 8 8  87 87 

I 86 87 89 88 E8 87 .87 
84 8 5 .  -84 .83 
85 8 5  84  84 
70 7/ 70 70 
79 80 79 .79 
8.3 8 3  .83 .83 
81 83 .8l .8/ 
83 8 4  83 84 
78 80 79 79 
80 80 80 .80 

14- EB) f 78 .BO 821 80 .80 .EO BO 
} 82 E2 841 82 84 82 62 

- 3 - &HZ 
4-'H? 
3 - E B 2  
4 - F a 2  

.83 .84 %5 

.8/ E3 85 

.Bo 8/ 83 

.82 83 86 
77 77 80 
78 .80 82 

- 
77 
81 
71 
73 
76 
84 
76 

74 

__ 
77 
8) 
72 
74. 

76 
.84 
75 
73 

9 0 ,  88 
93 9/ 
78 78 
.87 86 
83 82 
80 79 

.89 .88 

.d7 .& 

.69 .68 

, .89 
.9z 
78 
85 
.82 
80 
87 
66 

r- 

40 38 39 39 
40 38 34 39 
38 36 38 36 
90 .38 39 39 

I, ,I ,, 
I, ,I v 

3, ,, 
n I 

78 75 77 76 
81 7P 80 80 
72 70 7/ 72 
73 71 71 72 
83 .8/ 80 8/ 
83 81 83 83 
75 74 75 75 
73 72 73 72 
7/ .69 7/ .70 
86 86 86 86 
79 77 77 78 
90 82 89 88 
83 .80 82 83 
86 .86 85 85 
84 84 84 84 
87 .86 86 87 
86 .85 85 85 
- 84 .82 83 .83 
84 83 83 83 
70 69 69 70 

80 78 79 79 
83 .80 8< .8Z 
82 .80 81 8/ 
83 8 2  83 .83 
78 77 77 77 
79 78 79 78 
.79 .78 .79 .78 
8 1  8 1  8 t  82 

89 86 85 88 
90 89 90 90 
78 77 78 77 
86 85 85 85 
83 82 82 82 
80 78 79 80 
89 86 86 E7 
65 64- 68 65 
66 66 , .67 65 

- 

~ _. ____ - __ __ ____ -. 

..______ 

39 39 39 

38 38 37 37 
39 40 39 39 

' 1  39 34 
90 (' 40 I 4 0  

39 , w , 3? 
s I .  

80 81 

70 70 70 
72 73 72 73 72 
80 81 8/ 81 ' 80 
82 6'3 83 83 1 8J 

74 75 74 75 I 75 
72 73 72 73 73 
69 .70 70 70 1 7, 
- -  1 
77 77 77 77 I 77 
88 89  88 85 88 

81 8 1  8/ 8 )  , 82 
85 85 84 85 86 
84 85 84 84 84 
86 87 87 86 87 
84 84 83 84 84 
E2 .83 .8Z 82 i 8S5 
84 84 83 83 
69 70 69  69  - 
79 80 79 79 77 

79 80 80 80 8,  
82 83 82 83 83 
SO 78 77 78 77 

78 .BO 78 79 74 

1 
1 

82 a3 .8z 83 s3 

7 9  80 78 79 79 

81 8 I  8 1  8 2  P2 
88 88 88 88 
9/ 92 9, ?/ 

73 77 76 77 
85 85 85 8 5  
83 82  8/ 8 2  
79 8f 80 80 

85 86 84 85 
64 6 5  64 64 
e? 2 :6.? .7/ 

.e4 
91 

78 
86 
.84 
79 
86 
65 
69 

J 
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TAbL€Ic.-PRESSUAE AND TEMPERATURE. DATA 

2 3  

/ 

2 
3 
4 
5 
6 
i 
8 
9 
'0 

2 
3 
7 
? 
3 

F 
5 

9 
9 
0 
/ 
? 
3 

t 

7 

1392 342 403 
405 390 4OJ 
392 392 399 
errnocouple 
367 369 392 
430 456 435 
383 381 390 

415 419 424 
421 428 432 
428 430 437 
903 405 414 

I 

I 
I 424 428 435 I 

423 924 432 -- - 
redr & o f  fhnp  af base of cy//nder t k e r m o c o  

3// a 9  I// 
300 300 302 
302 302 304 
ZPB 288 284 

I To+ 504- 306 
293 293 295 
295 295 297 

306 31' 311 

32a 325 324 

?99 197 29; 
.?/I 320 324 
300 302 3 0 4  

! 
I 

1 
1 

Temp era t o  

388 388 390 403 

p\e hroho.r\. 

399 - 397 4/0 

396 388 370 9 7  
broken 
365 365 369 376 
P2/ 424 424 430 

38/ 379 387 387 
406 408 408 419 
414 415 421 428 

424 428 428 433 
349 399 405 412 

W9 421 424 433 
4/4 415 4/9  428 
p i e  broken 
3'02 302 302 311 

293 293 295 300 

295 293 295 300 

282 284 286 ZBE 

286 Z B ~  ZBY 291 
293 zap 29.3 295 

316 316 318 320 

297 297 300 304 

302 302 302 307 

286 286 288 293 

309 3// 3/3 3 1 8  

296 296 297 324 
304 304 302 3J.3 
217 217 2 7 2 / 7  
/56 /.54 /5/ /49 

B L  sa 8 L  % b  
ma s b  sb sc 
86 86 90 90 
86 86 82 86 
68 3 9  39 39 
81 77 77 72 
39 39 39 3 9  
52 52 48 3 9  

46 46 4 3  39 
77 77 77  72 
33 32 27 23 
36 33 3 1  2 9  
46 34 39 36 
46 39 39 36 

52 48 4G 43 
172 /69 (70 /67 
77 72 70 72 

(33 /33 /3/  /33 

/Zu. 120 //8 IZE 
208 208 207 207 

le brohen 
/06 /06 104 /0Z 
90 90 90 86 
90 70 /C 64 
86 815 36 84 

-e "f 

37D 370 379 
385 385 388 

374 374 579 

360 363 367 

417 419 419 
365 372 370 

397 403 403 
410 41.2 4/5 

415 4/5 417 

394 394 $97 
412 415 417 
405 405 410 

297 297 3000 

286 286 288 3 
275 275 279 ' 
293 289 293 x 
288 286 zaa 

< 
279 280 :a2 
286 286 288 a 
295 297 300 9 
309 309 3 1 1  

i 286 282 288 

299 za9 293 
9 304 30C 306 

2_97 297 300 2 
2 / 4  210 2tO 
4 7  /+7 /47  

71 7 5  17 
8 1  11 a i  
84 84 84 
77 75 75 

68 68 68 
72 66 68 
4 6  48 55 
46 4 3  ?6 
4 3  3 9  36 
6& 68 65 
36 30 25 
39 32 9 25 
39 36 30 
39 i o  -32 
46 59 36 
1.31 - - 
68 6 /  ' 7 7  

(33 L71 

203 201 201 

09  06 06 

-____I 

97 1.3 97 

88 88 84 
66 86 85 8 4  
61 8 /  77 

382 384 393 398 
395 392 395 4 a c  
384 38C 388 3Vi 

366 362 366 369 

c/a czz 425 425 

373 375 378 382 
405 407 407 40; 

4/8 418 422 42' 

4/8 422 423 42' 

400 400 405 4 0 6  

M O  422 424 431 
414 418 421 

301 303 307 30C 
294 296 296 Z9t 

29s z?a 299 298 
887 287 287 28' 
303 303 373 30: 

289 290 Z90 29( 
289 "90 273 ZP 
3 0 1  5'03 303 30. 
314 3/6 3/9 3/' 
289 290 294 za 
3/0 3/2 3/4 314 

296 299 303 30: 

305 307 308 30& 
2/7 217 2/5 2/! 
/59 (57 '54 ,54 

7 %  B A  7m 86 
82 83 82  87 
78 78 82 82 
44 47 49 49 

78 7@ 74 7/ 

49 49 46 49 
Z3 4 9  J b  40 

49 4 6  4Q 37  
78 78 74 7 ,  

37 3/ 26 29 
3/ 29 -75 23 
46 42 37 3.7 
46 40 37 33 
49 44 46 40 
- - _  

7 4  7 /  69 62 
'34 34 132 r3.Z 

206 206 208 ZO< 

r 1 9  l / 9  '/6 //6 

'07 /03 IO3 /00 

9 1  87  BY d l  

87 87 85 85 

~ _ _ _ .  
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Figure 1 - Front View of XP-42 airplane with ehort-nose high-inlet-velocipy Cowling. 

Figure 2 - Three-quarter front view of the Xp-42 airplsne with rhort-nose high- 
inlet-velocity cowling. 

Figure 3.- Side view of the XP-42 airplane with short-nose high-inlet-velocity cowling. 
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MACA Figs. 8,9 

Figure 8.- Sensitive altimeter used in calibrating 
airspeed head. 

Figure 9.- Thermocouple leads  to cold-junction bo 
1 



NACA Figs. 10,11 

Figure 10.- Free-air thermocouple and vapor-pressure 
thermometer 

Figure 11 .- Free-air thermocouple and resistance-bulb 
thermseter 
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NA2 a Figs. 12,13 

Figure 12.-  Thermos b o t t l e  used as hot junction. 

Figure 13.- 
Pressure- 
switch 
i n s t  allat ion 
ove r  
manometer. 
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Figs. 14 1'?,19 

Figure 14.- 
Idanornet er 

Figure 17.- 

carburet or 
duct, 

rakes. 

Figure 19.- 
Rear 
of 
o i l  
cooler . 
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NACA Fig .  16 
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NACA Figs. 27,28 
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Figure 28.- Corn rlnon of hl@-speed performance on several airplanes. pj" 
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Figs.  32,33 
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Fig. 36 
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